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Increased plasma prorenin but not renin after bilateral ureteral
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Increased plasma prorenin but not refill after bilateral ureteral ligation
in dogs. Plasma prorenin is normally higher than renin and usually
changes in response to the same stimuli. In dogs, plasma prorenin and
renin disappear after bilateral nephrectomy, indicating that both are of
renal origin. It has been proposed that prorenin may mediate tissue
renin systems via its reversible intrinsic renin-like activity. The renin-
angiotensin system has been implicated in the changes in renal function
that occur with bilateral ureteral obstruction, but plasma prorenin has
not been investigated. We therefore studied the effect of 48-hour
bilateral obstruction on plasma prorenin in two groups of dogs: one was
volume expanded (N = 5), while the other group (N = 6) was
euvolemic. Plasma prorenin concentration increased fourfold in both
groups, angiotensinogen increased twofold, while plasma renin activity
was unchanged. Following release of obstruction, plasma renin fell
slightly while prorenin and angiotensinogen remained elevated. There
was a positive relationship between plasma prorenin and renin before (r
= 0.63, P < 0.05) and after (r = 0.76, P < 0.01) obstruction.
Post-obstruction, ERPF and GFR were subnormal but filtration fraction
was maintained; the higher the ERPF and GFR the higher the plasma
prorenin post-obstruction (r = 0.83, P < 0.01 and r = 0.77, P <0.05,
respectively; N = 11). These results show that impairment of renal
function during bilateral obstruction is associated with an increase in
plasma prorenin but not renin. Nonetheless, there is a positive relation-
ship between plasma prorenin and renin both pre- and post-obstruction.
Thus, preferential impairment of clearance of prorenin relative to renin
may occur during bilateral obstruction. Despite this, renal hemodynam-
ics were better maintained in dogs with high plasma prorenin, which is
consistent with a role for prorenin in the maintenance of renal function.
The renin system is classically considered to be a circulating
hormonal system. Regulated renal secretion of renin is followed
by cleavage of angiotensin I from angiotensinogen in the blood.
Then removal of a dipeptide by converting enzyme results in
the formation of the active product, angiotensin II [1]. Surpris-
ingly, prorenin rather than renin is the major product of renin
gene expression in kidneys and in reproductive organs [2, 3]. In
dogs, both prorenin and renin disappear from blood after
bilateral nephrectomy, indicating that only the kidneys secrete
the products of renin gene expression into the circulation in this
species [4]. Thus, changes in plasma prorenin and renin reflect
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changes in renal prorenin biosynthesis, secretion or clearance
in the dog.
Most renal prorenin is secreted constitutively as it is synthe-
sized. The remainder is converted into renin which is stored in
granules and secreted in response to specific signals [11. Plasma
prorenin and renin usually change in parallel, but renin changes
more rapidly and proportionally more than prorenin [5]. Plasma
renin is cleared by the liver [1] but the kidney may also
participate in the clearance of prorenin [6]. It is not known if
preferential changes in renal clearance account for the rare
instances in which prorenin increases proportionally more than
renin, as occurs in diabetes [7] and in ketamine treated cats [8].
Ureteral obstruction results in profound reduction in renal
function. Renin system changes occur [9—il] and have been
implicated in this response [12, 13] but the evidence is incon-
sistent [9—11]. Eicosanoids have also been implicated [9—li]. In
addition, there may be compensatory vasodilation [14—16],
offsetting in part obstruction-induced renal impairment.
Few studies have examined changes in plasma renin during
bilateral ureteral obstruction [17] and nothing in known about
its effect on plasma prorenin. We therefore studied the response
of plasma prorenin and renin to 48-hour bilateral uropathy, and
related it to renal function. Plasma prorenin increased fourfold
while renin did not change, although the positive relationship
between the two parameters was sustained in the new steady
state. Furthermore, post-obstruction there was a positive cor-
relation between plasma prorenin and renal hemodynamic
function.
Methods
Experiments were performed on eleven adult female mongrel
dogs (16.5 to 20.5 kg), fed a standard dog chow and with free
access to food and water. The protocol was approved by the
Institutional Animal Care and Use Committee of Cornell Uni-
versity Medical College.
Surgical procedure
On day 1 dogs were weighed, and anesthetized with pento-
barbital (30 mg/kg bolus and then approximately 5 mg/kg/hr
i.v.). Through a lower abdomen midline incision both ureters
were catheterized with five to seven French ureteral catheters.
Blood pressure and heart rate were monitored via an abdominal
aortic catheter above the renal arteries. Pulmonary capillary
wedge pressure was recorded via a Swan-Ganz catheter in the
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jugular vein. Blood was collected from a catheter in the femoral
vein. A brachial venous line was implanted for fluid and drug
administration. Approximately 200 ml isotonic saline was given
during surgery on day 1. Mter baseline clearance studies both
ureters were tied off with silk suture, all catheters were re-
moved and the wounds were closed.
In a subgroup of dogs (group II, N = 6) catheter was left in
the femoral vein. These dogs received 500 ml isotonic saline
immediately and about 24 hours after ureteral obstruction. The
other group of dogs (group I, N = 5) was not volume expanded.
During the two days after surgery there was no sign of disease
or pain as assessed by alertness, lethargy or apathy, and no
antibiotics or analgesics were required.
On day 3, 48 hours after ureteral ligation, dogs were again
anesthetized, and all catheters were positioned as described
above. Both ureters were catheterized, thus releasing the
obstruction, and clearance studies performed for 12 hours
under anesthesia. Half of the urinary volume was returned to
the dog each hour as isotonic saline. Twelve hours following
release of obstruction, the dogs were sacrificed with an over-
dose of pentobarbital; kidneys were removed and weighed.
Cardiovascular function
Pulmonary capillary wedge pressure, arterial blood pressure
and heart rate were measured via catheters in the jugular vein
and abdominal aorta (see above) and recorded on a Gould 2400
polygraph (Cleveland, Ohio, USA) using Statham P23db pres-
sure transducers.
Blood sampling
Bloods (5 ml) for renal function studies, electrolytes, creati-
nine, hematocrit and osmolality were collected into heparin
Vacutainers and centrifuged at room temperature. They were
drawn once per hour for one to two hours before ureteral
ligation on day 1, and for 12 hours after release of obstruction
on day 3. Bloods for hormones were drawn into K3-EDTA
Vacutainers, chilled, and immediately centrifuged at 4°C. Cryo-
activation of prorenin does not occur in non-primates [18, 19].
Before, and 24 and 48 hours after bilateral ureteral ligation,
blood for hormones (5 ml), and for electrolytes/creatinine (5 ml)
was collected from awake animals through the brachial vein,
whereas it was drawn from anesthetized dogs through the
femoral vein immediately and every three hours following
release of obstruction. Volume losses due to blood samplings.
werereiatedwitli an equal volume of isotonic saline.
Clearance studies
On days 1 and 3 animals received saline (0.3 mllmin) contain-
ing 50 tCi/liter of '4C-inulin and 200 pCilliter of 3H-PAH for
determination of glomerular filtration rate and effective renal
plasma flow. On day 1, consecutive 20-minute urine samples
were collected after a 45-minute equilibration period. On day 3,
urine samples were taken every 60 minutes after removal of
ureteral ligation. Bloods were collected as described above.
Assays
Plasma prorenin concentration was measured by the method
of Tonolo et al [20]. Active renin concentration and total renin
concentration were measured separately at a fixed renin sub-
strate (angiotensinogen) concentration, and prorenin was cal-
culated from the difference between the two measurements.
Briefly, prorenin was converted to active renin by treating 100
d of K3-EDTA plasma, pH 7.5 to 8.0 with 6 1 trypsin
(Boehringer-Manneheim, Germany, 110 U/mg; 100 mg
trypsin/mi in 0.001 N HCI) for two minutes at 4°C. For active
renin, 100 of plasma was incubated with 12 /d of 0.001 N HC1.
The reaction was stopped with 6 d of soybean trypsin inhibitor
(SBTI; Sigma Chemical Co., St. Louis, Missouri, USA; 10,000
BAEE U/mg; 200 mg SBTI/ml 0.001 N HCI). Thereafter, 25 pA
were added to 300 pA nephrectomized dog plasma (diluted 1:1 in
sodium phosphate buffer, pH 7.4), containing 3 ms phenylmeth-
ylsulfonyl fluoride (PMSF), 1.7 mst 8-hydroxyquinoline and 3 pA
of 10% aqueous neomycin sulfate. Renin substrate concentra-
tion was approximately 800 ng/ml. Samples were routinely
incubated for three hours at 37°C and pH 7.4. Subsequently, an
18 hour incubation was performed in samples with renin or
prorenin less than 1.5 ng AI/ml/hr). Prorenin was calculated
from total renin minus active renin, and the results expressed as
ng AI/mllhr. Active renin concentration was used only for
calculation of prorenin. The plasma renin activity results re-
ported herein were measured at pH 6 using the endogenous
renin substrate. To 300 pA of K3-EDTA plasma were added 3 1d
10% neomycin and 300 m PMSF; pH was adjusted to 6.0 with
0.276 M maleic acid; incubation was for three hours at 37°C.
Angiotensin I was measured by radioimmunoassay [21].
Angiotensinogen (ng/ml) was measured by adding 10 pA to 100
pA of hog renin (0.011 GU/ml in sodium phosphate buffer, pH
7.4, 12.2 mrvi NaH2PO4, 86.7 m Na2HPO4, 76 nM NaCI, 2%
neomycin, 3 mri EDTA, 0.5% BSA and 10 mtvi benzamidine)
and incubating with 300 ms PMSF for one hour at 37°C. No
active renin or prorenin was detectable in the nephrectomized
dog plasma.
Plasma aldosterone (ng/dl) was determined by radioimmuno-
assay (RSL, Carson, California, USA).
Serum and urinary sodium, potassium and osmolality, pe-
ripheral hematocrit, and serum creatinine were measured by
standard analytical techniques.
Statistical analysis
To determine the extent and time course of the effects of
bilateral ureteral obstruction on hormonal, cardiovascular and
renal function, a repeated measures analysis of variance was
performed in the twa grnnps.of. dog.- [2'2]; Volume- xpunsio-n
was treated as a fixed factor, with time (baseline to 12 hr
post-obstruction) as a repeated factor. Paired t-tests were
employed post-hoc to assess differences over the time course.
The significance of the multiple comparisons were adjusted
using the Bonferroni method.
Relationships between parameters at any given time were
assessed using linear regression models. Correlations derived
from these models were considered significant at P < 0.05.
Results
Effect of 48-hour bilateral ureteral ligation and 12-hour post-
obstruction on plasma prorenin, active renin,
angiotensinogen and aldosterone
One dog in group II (#049; open circles in Figures 1, 3, 4, 6)
is discussed separately at the end of the Results section,
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Fig. 1. Effect of 48 hours of bilateral ureteral obstruction and its
release on plasma renin activity, prorenin, angiotensinogen and aldo-
sterone in two groups of dogs. Symbols are: (A) group I; (•) groupII;
(0) dog 049. Group II (N = 5) was volume expanded with 1 liter
physiologic saline during obstruction; group I (N = 6) was not. Plasma
renin is expressed in terms of activity, that is, reflecting changes in both
renin and angiotensinogen levels. Plasma prorenin is reported in terms
of concentration since this assay was performed at constant angioten-
sinogen concentration. In both groups, plasma prorenin and angioten-
sinogen increased significantly during 48 hours of bilateral obstruction,
yet plasma renin activity did not change significantly despite a rise in
plasma angiotensinogen. Plasma aldosterone and plasma potassium
(Fig. 6) were elevated at 48 hours in the euvolemic group (Group I).
because its baseline values and its responses were quite dif-
ferent from the other animals.
After 24 hours of ureteral ligation, plasma prorenin increased
approximately fourfold in both euvolemic (GI) and volume
expanded (Gil) groups (GI, P < 0.001, N = 6; GIl, P <0.05, N
= 5; Fig. 1). It remained high during the second 24 hours and
also during the 12 hour period after release of obstruction.
There was no effect of anesthesia on plasma prorenin (Before
vs. after anesthesia, day 1: 8.9 1.4 vs. 8.9 1.3, N = 12. Not
shown in Fig. 1).
In contrast, active renin (PRA) was not markedly affected by
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Fig. 2. Relationship between plasma prorenin and plasma renin activ-
ity at baseline (open circles) and at 48 hours of bilateral ureteral
obstruction (closed circles). Even though prorenin increased approxi-
mately fourfold during obstruction while active renin did not change
appreciably, the slope of the prorenin-renin relationship after bilateral
ligation was not different from that at baseline; however the intercept
was substantially increased. Groups I (euvolemic) and II (volume
expanded) were analyzed together.
48 hours of bilateral ureteral ligation. Anesthesia on day 1
caused PRA to increase from 5.4 1.2 to 12.6 2.0 (P <0.02,
N = 12). Plasma renin activity decreased on day 3 after release
of ligation, despite the induction of anesthesia, and returned to
baseline only in group I. Plasma angiotensinogen (Fig. 1)
increased twofold 24 hours after ureteral obstruction (GI, P <
0.05, N = 6; GIl, P < 0.005, N = 5) and remained high on day
2 and post-obstruction. Since the Michaelis constant of dog
renin with dog angiotensinogen is around 1,800 nglml [23], the
concentration of plasma renin must have fallen during obstruc-
tion, otherwise plasma renin activity would have increased.
Plasma prorenin was significantly related to plasma renin
activity before and after 48 hours of bilateral obstruction (Fig.
2). Although the intercept increased, the slope of the prorenin!
renin relationship did not differ significantly at baseline (y = 3.7
+ 0.8x, r = 0.63, P  0.05) and after two days of obstruction (y
= 35.2 + l.4x, r = 0.76, P 0.01).
Although renin was unchanged, plasma aldosterone in-
creased fivefold in group I during two days of obstruction, from
6.9 1.0 to 36.8 7.7 ng% (P < 0.05; N = 4; Fig. 1). Plasma
aldosterone did not increase significantly in group II. The rise in
plasma aldosterone in group I may reflect the increase in plasma
K (see below). Plasma aldosterone fell during the 12 hours
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Fig. 3. Effect of 48 hours bilateral ureteral obstruction and its release
on mean arterial blood pressure and heart rate. Symbols are: (A) group
I; (•) group II; (0) dog 049. During two days of obstruction blood
pressure rose on average by about 12 mm Hg (P < 0.01, N = 11), but
heart rate did not change significantly. After release of ureteral ligation,
mean arterial blood pressure fell steeply while heart rate increased
rapidly. These reciprocal cardiovascular responses are most likely due
to polyuria and volume loss.
after release of obstruction (Gil, P <0.05; N = 5. GI, NS; N =
4).
Cardiovascular responses to ureteral obstruction and its
release
Mean arterial pressure rose during obstruction by about 12
mm Hg (P < 0.01; N = 11), but the pulse rate did not change
(Fig. 3). After release, blood pressure fell from 156 3 to 118
4mm Hg (P < 0.001, N = 11) and heart rate increased (P <
0.005, N = 11). The reciprocal changes in blood pressure and
heart rate probably reflect the post-obstructive volume loss (see
below). Pulmonary capillary wedge pressure was 5 2 and 7
1 mm Hg before and during obstruction in group I (NS), and
increased from 9 1 to 13 2 mm Hg in group II (P < 0.01).
Renal function
Post-obstruction urine flow (UV) was fourfold higher than
baseline and then steadily dropped, reaching control values in
group I but not in group II by 12 hours post-obstruction (Table
1). Urinary sodium excretion (UNaV) was twofold higher than
control levels immediately post-obstruction and fell to baseline
during the following 12 hours. Urinary potassium excretion
(UKV) increased to about 2.5 times baseline and remained
elevated at the end of the experiment. Urinary osmolality fell to
about 50% of baseline and did not quite return to control levels.
Post-obstruction glomerular filtration rate (GFR, mi/mm) was
approximately 50% lower than baseline (control vs. mean of 12
hourly periods post-obstruction: GI 59.5 2.5 vs. 26.8 1.3,
P < 0.001, N = 6. GIl = 61.4 3.4 vs. 37.3 5.9, P < 0.005,
N = 5; Fig. 4). Similarly, effective renal plasma flow (ERPF,
mi/mm) was close to 50% baseline (GI = 128.3 5.6 vs. 56.5
9.5, P < 0.001, N = 6. GIl = 161 17.2 vs. 76.9 12.3, P <
0.01, N = 5). ERPF and GFR increased slightly in both groups
after removing ureteral ligation but they remained well below
baseline at the end of the experiment.
No change in filtration fraction (FF) occurred in group I but
a 25% increase was found in group II (GI 47.5 2.5 vs. 49.9
2.9, NS, N 6. GIl = 39.4 3.2 vs. 49.7 3.4, P < 0.001,
N = 5).
There was a significant relationship between plasma prorenin
at 48 hours of obstruction and the mean post-obstruction GFR
(r = 0.77, P < 0.006) and ERPF (r = 0.83, P < 0.001; Fig. 5).
The relationship between active renin and GFR or ERPF was
not significant nor were the relationships significant in the
pre-obstruction period.
Plasma electrolytes, osmolality, hematocrit and creatinine
In both groups plasma sodium fell slightly during obstruction
and increased post-obstruction (Table 2, Fig. 6). Plasma potas-
sium increased significantly in group I during bilateral ureteral
ligation to hyperkalemic levels (7.0 0.5 mEqfliter, P 0.001).
Group II had a lesser increase; in no dog of group II did plasma
potassium increase to above 5.6 mEq/liter, whereas in all dogs
of group I plasma potassium increased to above 6.1 mEq/liter.
Twelve hours after release of ureteral ligation, plasma potas-
sium had fallen at least to baseline; it fell to below baseline in
every animal in group II.
Plasma osmolality (Table 1) increased by 10% during ureteral
ligation and remained high following release. Hematocrit did
not change. Plasma creatinine increased markedly during ure-
teral ligation. it fell post-obstruction but remained above con-
trol levels 12 hours after release of obstruction. Body weight
increased only in group II (Table 2).
Dog #049
Dog #049 in group II was excluded from the above analyses
but the results are shown separately in Figures 1, 3, 4 and 6.
This dog had the highest urine flow and sodium and potassium
excretion and the highest GFR and ERPF at all timepoints (Fig.
4). In fact, its post-obstruction renal function was well within
the normal range. It had the least increase in plasma prorenin
(Fig. 1) and no rise in plasma potassium during two days of
bilateral uropathy (Fig. 6).
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Table 1. Effect of 48 hours of bilateral ureteral ob
(Uo,m
struction and its release on urine flow (UV), urinary electrolytes (UNCV,
) and plasma (Posm) osmolality in dogs (N = 11)
UKV) and urinary
Time
hr
Control
0
Hours post-obstruction
0—3 3—6 6—9 9—12
Group I (N = 6)
UV mI/mm 1.2 0.6 3•9 0.4k 2.6 0.3 2.0 0.3 1.6 0.2
UNaV pEqlmin
UKV pEq/min
193 55
38 7
328 35 233 35 177 39
101 20" 117 21" 103 8b
162 32
78 6"
Uosm mM/liter
Posm mM/liter
819 148
292 5
338 25C 422 22C 484 24
318 3" 320 4b 319 4 491 17321
Group II (N = 5)
UV mi/mm 0.7 0.1 4.3 0.5" 3.5 0.5" 2.3 0.3" 1.7 0.2"
UNaV Eq/min
UKV p.Eq/mmn
122 26
37 4
369 C 348 73 236 50
113 103 88 2 196 3673 6"
Uosm mM/liter 835 118 372 26C 439 40" 526 44 574 62
Posm mMlliter 313 5 339 5" 337 6" 336 6C 333 6C
a P < 0.001, b P < 0.01, CF < 0.05 vs. control
Time, hours 20 40 60 80 100 8 16 24 32 40
Ureteral Ureteral Ureteral A Prorenin B Active renin
obstruction obstruction obstruction
1O0 200r 100
8080
: 6 60
oup! 20
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4050cc 40HH3 20
0 4860 0
4860 300 0 4860
100 r .c 250 100
80 . 200 80
.,
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a 10u
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LGr9up III
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Time, hours
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Time, hours
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Fig. 4. Renal function changes in individual dogs of groups I (euvole- 140 140
mic) and II (volume expanded) before and after release of 48 hours of
bilateral ureteral obstruction. After release of obstruction, renal func- 120 • 120
tion was approximately 50% lower than baseline in all dogs (vs. control,
GFR: GI, P < 0.001, GIl, P < 0.005; ERPF: GI, P < 0.001, GIl, P <
0.01). The hypervolemic group had on average higher post-obstructive
renal function, however, this difference did not reach significance.
Following release of ligation there were no consistent changes in
filtration fraction in group I, but filtration fraction was approximately
25% higher than baseline in group II (P < 0.001).
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A fourfold rise in plasma prorenin concentration occurred in
dogs during 48 hours of bilateral ureteral obstruction without
any concurrent increase in plasma renin activity. A twofold
o 0
20 40 60 80 100 8 16 24 32 40
increase in plasma angiotensinogen also occurred. Plasma pro- Prorenin, ng Al/mi/hr Active renin, ng Al/mi/hr
renin increased quickly, reaching threefold baseline by 24 hours
of obstruction. Post-obstruction, plasma prorenin and angioten-
Fig. 5. Relationships between prorenin and active renin at 48 hours of
obstruction and post-obstruction renal function in the two groups of
sinogen remained high for 12 hours but active renin fell. Both
under baseline conditions and at 48 hours post-obstruction
there was a significant positive relationship between plasma
renin and prorenin. Normally, plasma prorenin increases quite
dogs. Symbols are: (I) group I, (•) group II. There was a positive
relationship between plasma prorenin and GFR and ERPF. The rela-
tionship between active renin and GFR or ERPF was not significant.
Also, there was no significant relationship between renal function and
plasma prorenin or renin under baseline conditions. Groups I (euvole-
slowly over time following a more rapid and proportionally mic) and II (volume expanded) were analyzed together.
larger increase in plasma renin [5]. These large and rapid
increases in prorenin without any change in renin could be due between plasma prorenin and renin pre-and post-obstruction
to reduced clearance of prorenin or a preferential increase in would favor the former explanation, as would the relatively
prorenin secretion. The maintenance of a positive relationship rapid increase in plasma prorenin during the first 24 hours of
U
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U
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Table 2. Effect of 48 hours of bilateral ureteral obstruction on plasma sodium (PNa)' potassium (PK), creatinine (Per) and body weight in dogs
Time Control Obstruction
hr 0 24 48
Hours post-obstruction
3 6 9 12
Group I (N = 6)
'Na mEqiliter 144 2 141 3 145 3
mEqiliter 4.4 0.3 5.0 0.1 7.0 0.5a
147 2
5.2 Ø7
148 2 149 1
52 0.4 4.5 0.3e
152 2C
3,8 0•3d
Cr mg% 1.1 0.1 4.7 0.3a 8.4 0.3a 5.8 04a,d 4,3 0a.d 3•4 0,5b,d 3.1 0,3b,d
Body wt 18,0 0.6 18.1 0.7 17.7 0.5 — — — —
Group II (N = 5)
PNa mEqiliter 150 1 143 3 143 2C
mEqiliter 4.6 0.1 4.8 0.2 5.3 0,1b
Cr mg% 1.1 0.1 4.8 0.4a 7.3 0.5a
Body wt 18.8 0.2 20.2 0.5b 20.4 o.3
145 3
4.7 0.4
5.5 0.5
150 2 147 3
4.4 0.2c 4.1 0,21
4.0 06b,e 32 04b,d
— —
149 2
3.8 01d2.6 0.3
p <ooo b P <0.01; P < 0.05; vs. control
d p < 0.001; e p < 0.01; fp < 0.05 vs. 48 hours
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a' Dog 049
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0 24 4860 0 24 4860
Time, hours Time, hours
Fig. 6. Effect of 48 hours of bilateral ureteral obstruction and its
release on plasma sodium and potassium in individual dogs of Group I
(euvolemic) and II (volume expanded). During two days of ureteral
ligation plasma sodium was unchanged in group I, and fell in group II
(48 hr vs. control; P < 0.001). After release of obstruction plasma
sodium increased significantly only in group I (12 hr post-obstruction
vs. control, P < 0.05). Plasma potassium was higher at 48 hours of
obstruction than at baseline; it was particularly elevated in the euvole-
mic group. In this group plasma aldosterone was also increased (Fig. 1).
Following release of obstruction, plasma potassium fell in both groups
(vs. 48 hr of obstruction, P < 0.01).
obstruction. Indirect evidence in the mouse has suggested that
the kidney may clear prorenin [6]. Further studies are required
to examine this possibility.
The other interesting finding was the positive relationship
between plasma prorenin and both GFR and ERPF post-
obstruction. If the rise in plasma prorenin were indeed due to
reduced renal clearance, one would expect to see the opposite
relationship. In addition, if the relationship with prorenin were
merely reflecting its relationship to active renin, then one would
not expect a positive relationship of prorenin to ERPF, only
GFR. Several pieces of evidence support the hypothesis that
prorenin may exert a vasodilator rather than vasoconstrictor
effect. When recombinant prorenin is infused into monkeys it
does not increase blood pressure, it actually reduces it [24, 25]
even when the prorenin has a low level of intrinsic renin activity
[24]. Secondly, in young people with insulin dependent diabetes
without gross nephropathy, high plasma prorenins are associ-
ated with high GFR and ERPF [26]. In addition, prorenin
appears in reproductive organs when they have the highest
blood flows, that is, at times of ovulation, corpus luteum
function and pregnancy [2]. Prorenin could vasodilate the
kidneys via excessive localized angiotensin II production in
vascular beds [3], leading to localized tachyphylaxis to angio-
tensin II [1] or to the production of vasodilator eicosanoids, as
occurs in the uterus during angiotensin II infusions [27—29].
Angiotensin II has been identified in the afferent arteriole at the
glomerular pole by immunohistochemistry [30—32] and it is
present in high concentrations in the tubular filtrate [33],
supporting the possibility of tachyphylaxis to the vasoconstric-
tor effect of Angiotensin II in the afferent arteriole. Further
studies are required to confirm or refute this hypothesis, but it
could perhaps explain the conflicting data concerning the ability
of angiotensin II to constrict the afferent arteriole [1].
The marked fall in renal function observed in these studies
have been well documented [9—11, 34—37]. Angiotensin II has
often been implicated in the sustained fall in renal blood flow
and GFR of ureteral obstruction [12, 13, 38] but other studies
have been less convincing [39, 40]. The presence of a compen-
satory vasodilator response to bilateral obstruction has also
been proposed since this model has higher tubular and ureteral
pressures and better maintenance of cortical blood flow than the
unilateral obstruction model [11, 37, 41]. Also, glomerular
capillary hydraulic pressure is significantly higher in obstructed
than in unobstructed kidneys [15]. Atrial natriuretic peptide [42,
43] and prostaglandins [14, 16, 44, 45] have been implicated in
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the preservation of renal function following bilateral ureteral
obstruction, but other factors may also be involved.
Plasma aldosterone increased during obstruction in the non-
volume expanded group most likely because of the increase in
plasma potassium [46]. The marked drop in blood pressure and
increase in heart rate following release of obstruction probably
was a consequence of the concomitant excessive diuresis and
natriuresis [9, 35, 47—50].
In summary, bilateral ureteral ligation for 48 hours in dogs
caused a rapid increase in plasma prorenin but not active renin,
and maintenance of a positive relationship between their plasma
levels. These observations are consistent with a preferential
reduction in the clearance of prorenin but not renin during
obstruction. A positive relationship was also found between
plasma prorenin and post-obstruction ERPF and GFR. Further
studies are required to determine if there is a cause and effect
relationship between the changes in plasma prorenin and renal
function, and whether the kidney preferentially clears prorenin
from the circulation.
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